Identification of a novel retinoic acid response element in the promoter region of the retinol-binding protein gene.
We have previously demonstrated that the retinol-binding protein (RBP) gene is induced by retinoids in hepatoma cells. In this report, we define in greater detail the region that mediates the retinoic acid response of the gene. It consists of two degenerate retinoic acid response elements, separated by 30 nucleotides that encompass a GC-rich Sp1 consensus-like sequence. We demonstrate that the entire region, as well as each element taken singly, can bind the retinoic acid receptors as homo- and heterodimers with low affinity. However, only the entire region is able to confer retinoic acid inducibility to a heterologous promoter. We also show that the correct phasing of the DNA segment is necessary to achieve full responsiveness. Site-directed mutants in each element retained partial induction after transfection, while the double mutant was no longer responsive, suggesting that the two elements act synergistically. Mutational analysis of the Sp1 binding site and cotransfection experiments revealed that Sp1 or a related protein plays an important role in the transcription of the gene. Thus, the retinoic acid induction of the RBP gene is mediated by a novel and complex responsive unit formed by two distinct elements located in a specific sequence context and the interplay of the retinoid receptors with Sp1 is required for induction.